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ABSTRACT 
The degradation effects on numbers of extrusion of PVC/ABS and PVC/ABS/Carbon 
blends to mechanical and thermal properties have been investigated. The composition of 
PVC/ ABS blends was 80/20 wt% and PVC/ ABS/Carbon was 73/23/7 wt°/o. The study has 
been focused on ultimate tensile strength, strain at ultimate tensile, elastic modulus and 
strain at faiJure for mechanical properties of the blends. Ultimate tensile strength, strain at 
ultimate tensile and elastic modulus have been retained by both PVC blends due to the 
presence of SAN phase from ABS that possess the complete retention with increasing 
numbers of extrusion. On the other hand, the presence of butadiene rubber (BR) phase in 
ABS increase the deformability of PVC blends which contributed to increase strain at 
failure. Increased numbers of extrusion have refined the dispersion of carbon in the blends 
and made stronger adhesion between carbon and the matrix that led to increase the strain at 
failure of PVC/ ABS/Carbon. Glass transition temperature (Tg) have been obtained using 
differential scanning calorimetry (DSC) for thermal properties of the blends. The partial 
miscibility between the components of the blends was concluded from two Tg obtained 
from DSC test. Finally, a morphological study of the fracture surface has been completed 
using scanning electron microscopy (SEM). The images from SEM justify the mechanical 
properties of the PVC blends. 
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ABSTRAK 
Satu kajian berkaitan kesan proses penolakan berterusan keatas campuran PVC/ABS dan 
PVCIABS/Karbon telah dijalankan bagi melihat perubahan keatas sifat mekanikal dan 
termal campuran. Komposisi bagi campuran PVC/ABS telah ditetapkan pada 80120 % dan 
campuran PVC/ABS/Karban pada 7312317 %. Kajian ini akan memberi penekanan pada 
kekuatan tegangan puncak, terikan pada tegangan puncak, modulus anjal dan terikan 
putus bahan. Kekuatan tegangan puncak, terikan pada tegangan puncak dan modulus 
anjal dapat dikekalkan oleh kedua-dua campuran berpunca daripada kehadiran fasa SAN 
daripada ABS yang telah menghalang daripada berlakunya perubahan pada sifat bahan 
walaupun proses penolakan berterusan dilakukan berulang kali. Sela in itu, kehadiran fasa 
getah butadiene (BR) dalam ABS telah meningkatkan kadar perubahan bentuk bahan 
campuran PVC yang secara tidak langsung telah meningkatkan sifat terikan putus. 
Penambahan proses penolakan berterusan telah mensebatikan unsur karbon dalam 
campuran PVC yang menyebabkan lekatan antara unsur karbon dan unsur matrix 
bertambah baik. Keadaan ini menyebabkan peningkatan pada sifat terikan putus bahan 
campuran PVC. Suhu perubahan gelas (Ig) telah direkodkan menggunakan mesin 
pengimbas perubahan kalori (DSC) untuk sifat termal bahan campuran. Dua Tg telah 
didapati pada setiap sampel yang mana telah menunjukkan bahawa bahan campuran PVC 
ini adalah bersifat separuh terlarut campur.. Bagi mengesahkan sifat mekanikal bahan 
yang telah diperolehi tadi, maka akhirnya ujian pengimbasan electron mikroskop (SEM) 
telah dijalankan. 
ii 
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CHAPTER! 
INTRODUCTION 
1.1 Background 
Plastics can be divided into two groups which are thermoplastic (TP) and thermoset 
(TS). Thermoplastic is the type of plastic that can be repeatedly softened by heating and 
then solidified by cooling. Molecules iri a thermoplastic are held together by relatively 
weak intermolecular forces. Thermoplastic can be processed several times and makes these 
kinds of plastics suitable for recycling. Thermosets in a soft solid or viscous state that 
changes irreversibly into an infusible, insoluble polymer network by curing. Curing can be 
induced by the action of heat or suitable radiation or both. A cured thermosetting polymer 
is called a thermoset. 
Polyvinyl chloride (PVC) is a thermoplastic polymer. PVC is primarily an 
amorphous material with good durability, fire retardant, oil and chemical resistant and 
good mechanical properties. Many commercial polyvinyl chloride (PVC) resins contain 
crystalline regions ranging from 5 to I 0 % of the polymer. The polymer will remain intact 
at temperatures well over 200 °C. The region of crystallinity with relatively narrow 
molecular weight distribution will help impart superior melt strength during extrusion. 
Another unique characteristic of polyvinyl chloride (PVC) is the amorphous nature of the 
polymer promotes cost effective fabrication of clear articles in thickness exceeding 0.25 in 
(lOmm) if proper addictive selection used (Grossman, 2008). 
Polyvinyl chloride (PVC) contains approximately 57 % chlorine by weight. The 
condition of the polymer will creates strongly polar region and make it compatible with a 
1 
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wide range of additives. No other commercial polymer can have its properties modified in 
so many ways compare to polyvinyl chloride (PVC). Beside of that, the chlorine in 
polyvinyl chloride (PVC) will also make the polymer flame resistance. 
PVC has been use in wide range of short life and long life product application. In 
short life product, PVC have been processed in packaging material use in food, cleansing 
materials, textile, beverage packaging bottles and medical devices. In long life product, 
PVC have been processes into pipes, window frames, cable insulation, floors coverings 
and roofing sheets (Sadat-Shojai and Bakhshandeh, 2011). 
2 
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1.2 Problem Statements 
Every product has specific cycle time. There is a time when the product will come 
to their end life and the product need to be properly disposed. PVC with a wide range of 
products, their waste will increase with time. Thus will become a problem to the 
community. Today, PVC waste is dispose in landfill . However, using landfill to cater the 
problem is not a good solution because the area required for landfilling will increase with 
increasing of the waste. Beside of that, using landfilling to dispose PVC waste have 
potential environmental hazard because of the chlorine content of the polymer. 
Another route to solve the increment of PVC waste is by recycle the PVC waste 
into another product. Thus, recycling of the PVC has gain interest for researcher in order to 
produce secondary materials (Sadat-Shojai and Bakhshandeh, 2011). However, recycle the 
PVC into similar or another product is not a straight path. Recycle PVC showed to have 
inferior mechanical properties (Yarahmadi et al., 2001). The recycle PVC with low 
mechanical properties however can be process into a low strength requirement type of 
product with cost conscious production. But, if the recycle PVC need to be use in another 
requirement type of products, the molecule properties of the material need to be alter. 
One of the most popular methods to retain and increase the properties of the 
material is by blending the polymer with another polymer. Polymer blending has become 
an important field in polymer research. ln this research the target was to reduce the 
polymer waste problem by blending the PVC with other type of polymer and make sure 
that the recycle blends polymer still retains an identical properties compare to the first 
cycle of the blends. With identical properties of the blends compare to the virgin and the 
recycle of the virgin, it will make the blends as an ideal replacement material to be used for 
consumer products. Then, by showing a slightly decrease in properties after a few recycle 
compare to the copolymer that show greater decrease in properties, the polymers blends 
3 
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will fulfil the purpose to retain the properties of the material and can be used for several 
times in processing. It will give a huge profit for recycle industries because the scrap from 
the blends can be recycle to be made into the same or different product that meet the 
requirement base on their properties whereas the recycle from the copolymer cannot 
sustain the same properties. 
Beside of improving physical properties of the material, polymer blends will also 
benefit in low investment cost in a new material design. In this case, a cheaper material 
like PVC will be dilute with expensive polymer material in hope to retaining some of the 
high performance properties. The blends maybe homogeneous (true thermodynamic 
miscibility of components) or heterogeneous (phase-separated). In heterogeneous blends, 
components maybe thermodynamically immiscible but mechanically compatible (Elias, 
2003). Many researches have blend PVC with other polymer materials such as 
PVC/PMMA, PVC/NBR, PVC/EVA and PVC/CPE (Grossman, 2008). Thus, the objective 
to minimize the cost for a new material design with improves material properties can be 
achieved. 
Polystyrene (PS) is amorphous region material with good impact resistance high 
heat resistance. In theory, blending PVC with PS will improve thermal and mechanical 
properties of the material. But, does the properties can be retain if the blends were recycles 
for several times? The assumption can be made that the recycle of PVC/PS blends will 
give the identical outcome with slightly reduce number compare to the first cycle. Another 
famous amorphous region material is acrylonitrile butadiene styrene (ABS) with good 
impact resistance, toughness and weather ability. In theory, blends PVC with ABS will 
improve impact resistance, toughness and weather ability of the material (Rimdusit et al. , 
2012). But, does the properties can be retain if the blends were recycles for several times? 
Same as PVC/PS blends, assumption can be made that the recycle of PVC/ABS blends will 
4 
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give the identical outcome with slightly reduce number compare to the first cycle. There 
are very limited knowledge about the properties either PVC/PS or PVC/ABS biends when 
there were recycles for several times. 
Blends of polyvinyl chloride (PVC) with a-methylstyrene-acrylonitrile- butadiene-
styrene copolymer (AMS-ABS) show a single glass transition temperature (Tg) when 
observed by differential scanning calorimetry (DSC). This result indicates that PVC is 
miscible with AMS-ABS (Zhang et al. , 2013). The research suggest that the most 
interesting area for further investigation is the region containing 15 - 30 wt% of AMS-
ABS because within these compositions, the heat distortion temperature (HDT) and the 
impact strength have improved effectively without losses in tensile and flexural properties. 
The impact strength show gradually increase when the PVC/ ABS blends below 30 wt% of 
ABS content and the drastic increase observed when the ABS content range from 30 to 50 
wt% (Rimdusit et al. , 2012). Pavan et al. (1980) show that 30 wt% of PVC/ABS blends 
will give the identical impact strength compare to Rimdusit et al. (2012). Thus, for this 
degradation study, 30 wt% of ABS will be choose to blend with 70 wt% of PVC. Although 
using 30 wt°lo of ABS will not give the highest mechanical properties compare to 50 wt% 
of ABS, the composition of 30 wt% of ABS is more economical to the highest 
composition. Then, comparison between 15 to 30 wt°lo of ABS show that 30 wt°/o will 
result in the highest mechanical properties. So, by choosing 30 wt°lo of ABS, it is the best 
composition to use in term of material properties and economic scale. 
Effect of repeated extrusion on the properties and durability of rigid PVC scrap 
have been studied previously (Yarahmadi et al. , 2001). The PVC scrap has been extruded 
for five times without adding new additives. The result shows that PVC scrap is suitable 
for mechanical recycling for up to three times only. The fourth recycle show the decrease 
in extrusion pressure cause by rheological breakdown under stress. Thus, based on the 
5 
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